Abstract: An investigation was carried out for two consecutive years to study the suitability of 1-naphthaleneacetic acid (NAA) alone or in combination with calcium chloride (CaCl 2 ) to control preharvest fruit drop and their effect on fruit quality of 'Red Delicious' apple (Malus pumila Mill.). The following five treatments combinations were tested: (1) control, the trees sprayed with water only; (2) a single spray with NAA; (3) two sprays with NAA at an interval of 14 d; (4) a single spray with NAA + CaCl 2 ; and (5) two sprays with NAA + CaCl 2 in combination at an interval of 14 d. NAA was sprayed at the rate of 20 mg L −1 and CaCl 2 was sprayed at 3 g L −1 . NAA applications reduced fruit drop appreciably when sprayed one month before harvest. The spray was effective in retaining the fruit on the tree for ∼14 d and the second spray after the 14 d of the first spray retained the fruit for another ∼14 d; however, the keeping quality of the fruit was reduced. No significant effect of CaCl 2 sprays could be observed on maintaining the keeping quality of apple.
Introduction
Preharvest apple fruit drop, which occurs before fruit develop optimum color, maturity, or size, usually causes serious economic loss. Preharvest drop of apple is caused by a surge in endogenous ethylene at the abscission layer of the fruit stem. In some early ripening cultivars, the preharvest drop has been reported to range from 40% to 60% of the crop load (Basak and Krokocka 2000; Curry 2006 ). Conversely, picking fruit before adequate maturity may lead to poor storability and poor fresh and processed fruit quality. Early harvest can also result in lower yields and prices because fruit will increase in weight 5%-7% per week and its price is based on larger fruit sizes (Byers and Eno 2002) . Growth regulators are widely used for reducing fruit abscission. Ideally, plant growth regulators should hold fruit on the tree for an additional 3 wk past the optimum harvest date to improve fruit size, color, and crop value by as much as 20% while maintaining fruit quality (Byers and Eno 2002) . It has been suggested that the balance between plant growth promoters and inhibitors controls fruit abscission and ripening (Yuan et al. 2003) . Auxin plays a very important role in the control of fruit abscission (Osborne 1989) . The application of synthetic auxins has been shown to reduce preharvest fruit drop of apples (Marini et al. 1993 ). Application of 1-naphthaleneacetic acid (NAA) may delay apple fruit drop; however, fruit softening is also usually increased by applications of NAA. Therefore it is not only the amount of fruit drop that is the decisive factor in determining harvest time, as ensuring the harvest of high quality fruit is also essential.
Calcium chloride (CaCl 2 ) has been found to influence the physical characteristics of fruits. Calcium plays an important role in regulating the metabolism in apple fruit, and adequate calcium concentration maintains fruit firmness, delays fruit ripening, and lowers the incidence of physiological disorders such as water core, bitter pit, and internal breakdown (Matas et al. 2009; Demuth and Sundrud 2012) . Jan et al. (2013) reported increased firmness in apple fruits on postharvest application of CaCl 2 . Similarly preharvest applications have also been found positively affecting apple firmness (Carbo et al. 1998) .
The purpose of this investigation was to study the effect of NAA alone or in combination with CaCl 2 on the control of preharvest fruit drop and harvest fruit quality in 'Red Delicious' apples.
Materials and Methods
Fifteen 20-yr-old 'Red Delicious' seedling root stock trees were selected at a private orchard in Pulwama, India (Jammu and Kashmir). The geographical coordinates of this orchard are 33°51′44.04″N and 74°59′04.43″E. . Dropped fruits were collected from the ground beneath the base of the trees every week. For recording the observations, five fruits were selected randomly from each treatment combination. Fruit firmness (expressed in kg cm -2 ) was measured by using a digital penetrometer (Model 53205, Endecotts Ltd., London, UK) equipped with a 7/16 inch diameter probe. Two sides of the widest diameter fruit were pared slightly, leaving an area of about 5 cm exposed. Fruit was held against a back stop and the probe penetrated into the flesh until the mark on the probe was flush with the surface of the fruit, which corresponded to a penetration depth of 0.7 cm. Soluble solids (SS) were determined by using a refractometer (Erma Inc., Tokyo, Japan), and titratable acidity was determined using the titration method described by Ranganna (2001) . The experiment was conducted consecutively for 2 yr according to a randomized complete block design with five treatments, each with three replications. Statistical analysis of the data was performed using analysis of variance and difference among treatment means were compared by Duncan's multiple range test at a 5% level of probability (Steel et al. 1997 ).
Result and Discussion
Fruit drop NAA effectively reduced preharvest fruit drop for both years (Figs. 1, 2) . One application of NAA at a rate of 20 mg L −1 or in combination with CaCl 2 effectively reduced fruit drop for ∼14 d, whereas two applications of NAA or in combination with CaCl 2 at an interval of 14 d delayed fruit drop ∼24 d persistently. There was no significant difference in fruit drop between the applications of NAA alone and NAA in combination with CaCl 2 (Table 1) . These results are in agreement with previous reports in other apple cultivars such as 'King of Pippin' (Bangerth 1978) , 'McIntosh' (Schupp and Greene 2004) , and 'Delicious' (Bayers 1997) . Auxin reduces mature fruit or leaf drop by inhibiting ethylene-enhanced expression of the cellulose gene and de novo synthesis of cellulose (Tucker et al. 1988) , as cellulase is an important hydrolytic enzyme involved in cell wall degradation and the subsequent loosening or abscission of fruit and leaves. Curry (2006) reported that NAA does not strengthen the fruit attachment, but only prevents further loosening from the fruit stem.
Firmness
Fruit firmness measured at harvesting time was reduced significantly with the application of NAA alone ] or in combination with CaCl 2 as compared with the control ( Table 2 ). The lowest firmness values were recorded in the fruits where NAA was applied alone or applied twice in combination with CaCl 2 . Firmness of fruits sprayed once with NAA in combination with CaCl 2 were comparable to the firmness values measured for fruits sprayed with NAA alone. Also, the firmness of fruits sprayed twice with NAA in combination with CaCl 2 were comparable to the firmness values measured for fruits sprayed twice with NAA alone. Firmness of fruits sprayed with NAA in combination with CaCl 2 did not differ significantly with the fruits sprayed only with NAA, suggesting that CaCl 2 could not maintain firmness. Yuan and Carbaugh (2007) found fruit from trees treated with NAA or Fenoprop [2-(2,4,5-trichloro phenoxy) propionic acid] was softer compared with fruit from control trees. Kvikliene et al. (2010) found that NAAtreated fruits were 13%-23% softer compared with untreated control fruits. When NAA is used to reduce drop, it does not delay ripening. The result is overripe fruit that has a shorter storage life (Curry 2006) . Regarding the effect of CaCl 2 on fruit firmness, even though there are reports that indicate an increase in firmness by preharvest calcium sprays (Ortiz et al. 2011) , in this experiment no significant effects were found, which may be due to the pronounced effect of NAA overshadowing the effect of calcium. Ernani et al. (2008) reported that the number of preharvest calcium sprays had no effect on fruit firmness as most of the calcium applied via sprays stayed just below the peel. Bramlage et al. (1979) found 'McIntosh' fruit firmness at harvest increased slightly with increased flesh calcium concentration; however, the firmness of 'McIntosh' apples did not appear to be influenced by preharvest sprays of calcium or other commercially available calcium mixtures (Bramlage et al. 1985) . Similarly, preharvest calcium sprays did not affect the calcium content or fruit firmness of other cultivars, such as 'Wellspur Delicious' (Davenport and Peryea 1990 ). Peryea 1991 concluded that in some cases, preharvest calcium sprays seem to be effective only when applied very often (18 times during the growing season).
Soluble solids
There was a significant difference in SS content of fruits left untreated (control) as compared with treated fruits (NAA alone or in combination with CaCl 2 ). The lowest SS content was found in the control and the highest was found in the treatment with NAA sprayed twice or in combination with CaCl 2 (Table 2) . Kvikliene et al. (2010) , in an experiment with NAA and ethephon, reported that all spray treatments induced fruit ripening. However, the SS content did not respond to growth regulators until the 3rd wk, after which an increase in SS was recorded. A slight decrease in the SS content of fruits sprayed with calcium may be due to the formation of calcium pectate, which helps in reducing the degradation of the cell wall and ultimately reducing the production of ethylene, resulting in maintaining a low SS content by slowing down the ripening process (Roy et al. 1994) . Yuri et al. (2002) applied different calcium sources in 'Braeburn' apple orchards in Chile and found no effect of calcium sprays on the SS content of fruits.
Titratable acidity
The titratable acidity content of the fruits was not affected significantly by the treatments during the second year. However, during the first year, the highest titratable acidity content was found in fruits treated once or twice with NAA alone (Table 2) . Ernani et al. (2008) also found that spraying the trees with a 0.5% CaCl 2 solution had no effect on most postharvest attributes, including titratable acidity. All attributes used to evaluate fruit quality, determined at harvest or after 5 mo of storage, were not influenced by the calcium treatments regardless of number of sprays.
Conclusion
With the application of NAA there is an appreciable reduction in fruit drop; however, the keeping quality of the fruit was reduced. Firmness of flesh is one of the main quality parameters determining apple fruit storage. Calcium sprays could not improve the quality of fruits sprayed with NAA. The application of NAA may be beneficial in instances where the fruit is to go directly to the retail market from the orchard.
